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1

USE OF DEOXYELEPHANTOPIN (DET) AND
ANALOGUES THEREOF FOR REDUCING
SIDE EFFECTS OF AN ANTI-CANCER
AGENT

REFERENCE TO RELATED APPLICATION

This application is a division of and claims priority to U.S.
application Ser. No. 13/213,897, filed Aug. 19, 2011, which
status is allowed and claims priority to U.S. Provisional
Application Ser. No. 61/375,538, filed Aug. 20, 2010, all of
which are herein incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates generally to phytocom-
pounds, and more specifically to use of phytocompounds for
treatment of melanoma.

BACKGROUND OF THE INVENTION

Botanicals have been used for treatment of various human
diseases throughout history and they play a role in disease
prevention. Natural occurring agents, e.g., curcumin and res-
veratrol possess chemopreventive characteristics such as
anti-inflammatory, cell-cycle modulator, antiangiogenic and
antimetastatic activities that are in current ongoing clinical
trials for various cancers. Elephantopus scaber L. is a tradi-
tional medicinal plant, which has been claimed for anti-can-
cer effects. Scientific reports have showed germacranolide
sesquiterpene lactones (SLs), such as isodeoxyelephantopin,
identified from the plant possesses anti-leukemia KBM-5 cell
activity through potentiating tumor necrosis factor (TNF-a)
mediated apoptosis. Deoxyelephantopin (DET), another SL
from Elephantopus plant inhibited Hel a cell activity in vivo.
Very recently, we demonstrated that DET possesses potent
activity against mammary tumor growth and metastasis in
syngeneic mice. Moreover, DET exhibits a more profound
effect than paclitaxel on survival rate of mammary tumor-
bearing mice; however, whether DET is efficacious for mela-
noma is unknown.

Melanoma is the most lethal form of skin cancer and an
increasingly common cancerous disease worldwide. Despite
recent advances, the outcomes of chemotherapy for patients
with metastatic melanoma are remained unsatisfactory
because of the relative drug resistance of metastatic cells and
the low survival rates of cancer patients. Besides, chemo-
therapeutic drugs are usually cytotoxic with strong side
effects. Cisplatin (cis-diamminedichloroplatinum (II), CP) is
a first line chemotherapy drug, effective in the treatment of a
wide variety of neoplastic diseases, such as ovarian cancer,
head and neck cancer, testicular cancer, lung cancer, mela-
noma, etc. Unfortunately, it is also known that CP caused
many adverse drug reactions, e.g., renal toxicity, gastrointes-
tinal dysfunction, and peripheral nerve damage in cancer
patients. It is estimated that the development of 30% of new
drug candidates is halted because of unforeseen toxicity pro-
files and side effects in clinical studies. The pressing need for
development of new therapeutic or preventive agents for
melanoma has spurred the search for bioactive phytocom-
pounds with novel modes of action or little side effects.

Therefore, a previously unaddressed need exists in the art
to address the aforementioned deficiencies and inadequacies,
especially in connection with development of antimelanoma
phytocompounds with little side effects.

SUMMARY OF THE INVENTION

In one aspect, the invention relates to a method of treating
melanoma in a subject in need thereof. The method comprises
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2
administering to the subject a composition comprising: a) a
therapeutically effective amount of deoxyelephantopin and/
or an analog thereof; and b) a pharmaceutically acceptable
carrier.

In another aspect, the invention relates to a method of
inhibiting proliferation, migration and/or metastasis of mela-
noma cells in a subject in need thereof. The method comprises
administering to the subject a composition comprising: a) a
therapeutically effective amount of deoxyelephantopin and/
or an analog thereof; and b) a pharmaceutically acceptable
carrier.

Further in another aspect, the invention relates to a method
of preventing and/or reducing side effects of an anti-cancer
agent in a subject in need thereof. The method comprises
administering to the subject a composition comprising: a) a
therapeutically effective amount of deoxyelephantopin and/
or an analog thereof; and b) a pharmaceutically acceptable
carrier.

These and other aspects will become apparent from the
following description of the preferred embodiment taken in
conjunction with the following drawings, although variations
and modifications therein may be affected without departing
from the spirit and scope of the novel concepts of the disclo-
sure.

The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows Anti-B16 melanoma cell proliferation effects
by DET and cisplatin. A, Chemical structures of DET, DET
analogs, and cisplatin. B1-B2, Human melanocyte and B16
melanoma cells were treated with the indicated concentra-
tions of DET or cisplatin at 37° C. for 24 h. Cell viability (%)
was determined by MTT assay. C1, Isobologram of DET and
cisplatin interaction. Combination index was determined
using isobologram analysis at IC50. The value of CI<1 indi-
cates synergism. The dashed line indicates the zero interac-
tion of the isobole. C2, A Fa vs. CI plot of DET and cisplatin
combinational treatment. Data are mean+SD of three sepa-
rated experiments.

FIG. 2 shows DET and CP induced cell cycle arrest in B16
cells. A, Immunoblotting of key biomarkers involved in
G2/M phase mediators. B, AKT and GSK-3§ protein expres-
sion. C, apoptosis pathway in B16 cells. The cell lysates of
B16 cells treated with vehicle (0.1% dimethyl sulphoxide,
DMSO), 45 uM cisplatin, 5 uM DET or 3 uM DET and 40 uM
cisplatin combination treatment for 6, 12 and 24 h.

FIG. 3 shows DET inhibited metastasis of B16 melanoma
cells. A1-A2, Wound healing and invasion analysis. B1,
MMP-9, MMP-2 protein expression by immunoblotting. B2,
MMP-9 activity by zymography. C1-C3, Kinetic character-
istics of B16 cell motility with DET or CP treatment. C1,
Individual trajectories of B16 cells displayed in diagrams
drown with the initial point of each trajectory placed at the
origin of the plot. C2, Cell motility was assessed by time-
lapse videomicroscopy. C3, Average of the migration veloci-
ties and distance of B16 melanoma cells treated with DET or
CP within 24 h. Data are mean+SD of three independent
experiments.

FIG. 4 shows the effect of DET and cisplatin treatment on
suppression of lung metastasis in C57BL/6J mice using in
vivo luminescence imaging system (A1, Day 21; C1, Day 30).
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A2 and C2, Bioluminescence intensities in each treatment
groups were measured weekly and are presented as growth
curves. The intensity of luminescence images depicts the
antitumor effects of compound or drug in test mice. Data are
mean+SEM (n=6) (P<0.05). B1, Lung sections of mice from
each groups stained with haemotoxylin and eosin (200x
original magnification). B2, Bar graphs depicting the relative
weight of lung to body in test mice. D1, Eftect of DET and
cisplatin on the survival rate. D2, Effect of DET and cisplatin
on mean body weight as a function of days of treatment in
C57BL/6] mice carrying metastatic B16 melanoma tumors
(P<0.05).

FIG. 5 shows histopathological examination of kidney tis-
sues of control and tumor-bearing mice treated with DET,
cisplatin, or combinational treatment of DET and cisplatin. A,
Kidney sections of mice from each groups stained with hae-
motoxylin and eosin (200x original magnification). B, Apo-
ptosis cells determined by TUNEL assay. A representative
image of each treatment group is shown. C1, TUNEL-posi-
tive cells in calculated by number of positive (brownish) cells.
Levels of blood urea nitrogen (BUN) in mice with various
treatments. C2, The plasma BUN in mice were determined at
1, 2 and 3 weeks after compound/drug administration in
C57BL/6] mice (n=3). Values are means+SD (P<0.05). D1,
D2, Positive stained of F4/80 macrophage/monocyte infiltra-
tion stained by F4/80 was visualized at 200x magnification by
use of a Nikon fluorescent microscope. Bar graphs depicting
the F4/80 total intensity of kidney tissues in test mice. Values
are means=SD (P<0.05).

FIG. 6 shows score plots for DET, CP or combinational
treatment of DET and CP based on covariances of the MS
data. A, The peaks are labeled according to their chromato-
graphic retention times and m/z values B-C, The score plot for
kidney profiling and corresponding loadings plot for kidney
profiling for PCA of UPLC-QTOF mass data derived from all
mice. The scores plot shows distinct clustering of the treat-
ment groups. The loadings plot represents the impact of the
metabolites on the clustering results. The ions most respon-
sible for the variance in the scores plot are indicated on the
loadings plot by their distance from the origin. D, Hypotheti-
cal mechanism of cisplatin induced kidney toxicity in mice
generated based on the finding from metabolomics. Affected
amino acid and endogenous metabolites are indicated in the
appropriate biological pathway involved.

FIG. 7 shows a summary of experimental design for the
study of preventive and therapeutic effects of DET, cisplatin
on metastatic B16 melanoma.

FIG. 8 shows time-lapse images of B16 cell motility with
DET or cisplatin treatment.

FIG. 9 is a schematic representation of the workflow for
evaluations of cisplatin and DET system toxicity.

FIG. 10 is a table showing the effect of DET or cisplantin
treatment on the peripheral blood cell profile of B16 mela-
noma-bearing mice.

FIG. 11 is a table showing metabolite profiles of kidney
tissues in test mice with different treatments.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is more particularly described in the
following examples that are intended as illustrative only since
numerous modifications and variations therein will be appar-
ent to those skilled in the art. Various embodiments of the
invention are now described in detail. As used in the descrip-
tion herein and throughout the claims that follow, the mean-
ing of “a”, “an”, and “the” includes plural reference unless the
context clearly dictates otherwise. Also, as used in the
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description herein and throughout the claims that follow, the
meaning of “in” includes “in” and “on” unless the context
clearly dictates otherwise. Moreover, titles or subtitles may
be used in the specification for the convenience of a reader,
which shall have no influence on the scope of the present
invention. Additionally, some terms used in this specification
are more specifically defined below.

DEFINITIONS

The terms used in this specification generally have their
ordinary meanings in the art, within the context of the inven-
tion, and in the specific context where each term is used.
Certain terms that are used to describe the invention are
discussed below, or elsewhere in the specification, to provide
additional guidance to the practitioner regarding the descrip-
tion of the invention. For convenience, certain terms may be
highlighted, for example using italics and/or quotation marks.
The use of highlighting has no influence on the scope and
meaning of a term; the scope and meaning of a term is the
same, in the same context, whether or not it is highlighted. It
will be appreciated that same thing can be said in more than
one way. Consequently, alternative language and synonyms
may be used for any one or more of the terms discussed
herein, nor is any special significance to be placed upon
whether or not a term is elaborated or discussed herein. Syn-
onyms for certain terms are provided. A recital of one or more
synonyms does not exclude the use of other synonyms. The
use of examples anywhere in this specification including
examples of any terms discussed herein is illustrative only,
and in no way limits the scope and meaning of the invention
or of any exemplified term. Likewise, the invention is not
limited to various embodiments given in this specification.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
pertains. In the case of conflict, the present document, includ-
ing definitions will control.

As used herein, “around”, “about” or “approximately”
shall generally mean within 20 percent, preferably within 10
percent, and more preferably within 5 percent of a given value
or range. Numerical quantities given herein are approximate,
meaning that the term “around”, “about” or “approximately”
can be inferred if not expressly stated.

The term “treating” or “treatment” refers to administration
of an effective amount of the compound to a subject in need
thereof, who has cancer, or a symptom or predisposition
toward such a disease, with the purpose of cure, alleviate,
relieve, remedy, ameliorate, or prevent the disease, the symp-
toms of'it, or the predisposition towards it. Such a subject can
be identified by a health care professional based on results
from any suitable diagnostic method.

“An effective amount” refers to the amount of an active
compound thatis required to confer a therapeutic effect on the
treated subject. Effective doses will vary, as recognized by
those skilled in the art, depending on rout of administration,
excipient usage, and the possibility of co-usage with other
therapeutic treatment.

The term “an analog” means one of a group of chemical
compounds similar in structure but different in respect to
elemental composition. An analog of deoxyelephantopin
(DET) is a phytocompound having analogy to DET. The term
“analogy” means similarity.

The term “orthotopic melanoma’ means the primary tumor
before metastasis stage which will be basically in skin.

The discovery disclosed here relates to the efficacy of
deoxyelephantopin (DET), a major sesquiterpene lactone
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constituent of Elephantopus scaber L. (Asteraceae), against
B16 melanoma cell activity and metastasis, in parallel com-
pared with that of chemotherapeutic drug cisplatin (CP). DET
and cisplatin inhibited B16 cell proliferation with IC50 value
at 4.5 uM and 45 pM, respectively. Isobologram analysis
further revealed the synergism of DET and cisplatin against
B16 cell proliferation. A series of drug treatment protocol
were designed in this study, i.e., DET or CP treatment alone,
DET co-treated with CP (DET+CP), and sequential treatment
with CP then DET (CP—=DET). A non-invasive real-time in
vivo imaging system to monitor the melanoma cell growth
and metastasis in syngeneic C57BL/6J mice was established
by using stable B16 melanoma cell clone carrying COX-2
promoter driven-luciferase reporter gene. It was found that
Pre-DET10 (10 mg/kg BW) and cisplatin (CP, 2 mg/kg BW)
have similar profound effect in inhibiting lung metastasis of
B16 melanoma and increasing median survival rate in tested
mice. Cisplatin resulted in renal damages and haematological
toxicity in mice that were not seen in DET10 treatment group,
moreover, DET and CP cotreatment showed little or no side-
effects. Metabolomic study on kidney tissues using ultra per-
formance liquid chromatography (UPLC)-QTOF mass spec-
trometry delineated the cisplatin-induced nephrotoxicity that
was not seen in tumor-bearing mice treated with DET alone or
DET combined with cisplatin. DET could induce cell cycle
arrest at G2/M phase, with the decrease of cyclins A, B1, and
D1 protein expression, and activation of apoptotic hallmarks
PARP and caspase-3. It was found that DET could reduce or
recover the side effect of cisplatin in melanoma-bearing mice.
The findings may prove useful in further explorations of the
application of these combinational approaches to the treat-
ment of malignant melanoma.

The extract of Elephantopus scaber contains DET and at
least three other forms of DET analogs. The DET analogs are
predicted to have similar bioactivity. Both DET and IDET
inhibited breast cancer cell activity and similarly effective.

Metabolomics is an emerging science and technology sys-
tem by comprehensive experimental analysis of metabolite
profiles, either as a targeted subset of related chemicals or
more globally, for diverse applications in diagnosis, toxicol-
ogy, disease development, genetic modification of specific
organisms, drug discovery and development, and phytomedi-
cines. The effects of DET alone and DET sensitizing cisplatin
were investigated in a designed co- or sequential treatment
strategy, against B16 cell activity in vitro and B16 cell
metastasis in syngeneic C57BL/6] mouse. Metabolomics
approach was used to evaluate the DET effect on attenuating
cisplatin-induced renal damage in tumor bearing mice.

In one aspect, the invention relates to a method of treating
melanoma in a subject in need thereof. The method comprises
administering to the subject a composition comprising: a) a
therapeutically effective amount of deoxyelephantopin and/
or an analog thereof; and b) a pharmaceutically acceptable
carrier.

In one embodiment of the invention, the method further
comprises administering to the subject at least one additional
anti-melanoma agent in a therapeutically effective amount.

In another embodiment of the invention, deoxyelephan-
topin and/or the analog thereof and the at least one additional
anti-melanoma agent are administered sequentially or simul-
taneously.

In another embodiment of the invention, the at least one
anti-melanoma agent is chosen from cisplatin, betulinic acid,
4-S-cysteaminyl catechol, 4-S-cysteaminyl phenol, everoli-
mus, bortezomib, paclitaxel, carboplatin, dacarbazine, cele-
coxib, temozolomide, sorafenib, thalidomide, lenalidomide,
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oxaliplatin, docetaxel, valproic acid, vinblastine, imatinib
mesylate, bosentan, doxorubicin, apomine, arsenic trioxide,
carmustine and tamoxifen.

In another embodiment of the invention, deoxyelephan-
topin and/or the analog thereof is administered to the subject
after cisplatin.

In another embodiment of the invention, the composition
further comprises at least one additional anti-melanoma agent
in a therapeutically effective amount.

In another embodiment of the invention, the composition
comprises an extract of Elephantopus scaber L., the extract
comprising the therapeutically effective amount of deoxyele-
phantopin and/or the analog thereof.

Further in another embodiment of the invention, the analog
is chosen from isodeoxyelephantopin, scabertopin, isoscab-
ertopin, and any combination thereof.

In another aspect, the invention relates to a method of
inhibiting proliferation, migration and/or metastasis of mela-
noma cells in a subject in need thereof. The method comprises
administering to the subject a composition comprising: a) a
therapeutically effective amount of deoxyelephantopin and/
or an analog thereof; and b) a pharmaceutically acceptable
carrier.

Further in another aspect, the invention relates to a method
of preventing and/or reducing side effects of an anti-cancer
agent in a subject in need thereof. The method comprises
administering to the subject a composition comprising: a) a
therapeutically effective amount of deoxyelephantopin and/
or an analog thereof; and b) a pharmaceutically acceptable
carrier.

In one embodiment of the invention, the anti-cancer agent
comprises cisplatin.

In another embodiment of the invention, the anti-cancer
agent comprises at least one anti-melanoma agent other than
deoxyelephantopin or the analog thereof.

Further in another embodiment of the invention, the thera-
peutically effective amount of deoxyelephantopin and/or the
analog thereof and the anti-cancer agent is sequentially or
simultaneously administered to the subject.

Yet in another embodiment of the invention, the side effects
are chosen from kidney damage, haematological toxicity, a
loss of body weight, and any combination thereof.

Further in another aspect, the invention relates to a dietary
supplementary composition comprising deoxyelephantopin
and/or an analogs thereof.

EXAMPLES

Without intent to limit the scope of the invention, exem-
plary instruments, apparatus, methods and their related
results according to the embodiments of the present invention
are given below. Note that titles or subtitles may be used in the
examples for convenience of a reader, which in no way should
limit the scope of the invention. Moreover, certain theories are
proposed and disclosed herein; however, in no way they,
whether they are right or wrong, should limit the scope of the
invention so long as the invention is practiced according to the
invention without regard for any particular theory or scheme
of action.

Materials and Methods
Materials

Minimum essential medium (MEM), RPMI medium 1640
(Gibco/BRL), fetal bovine serum (FBS), penicillin, strepto-
mycin, Lipofectamine PLUS were obtained from Invitrogen.
3-(4,5-Dimethylthiazol-2-y1]-2,5-diphenylterazolium  bro-
mide salt (MTT), RNase A, propidium iodide, puromycin,
D-luciferin, formaldehyde, dimethyl sulphoxide (DMSO)
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and cisplatin (cis-diamminedichloroplatinum (II), CP), 4',6-
diamidino-2-phenylindole (DAPI), gelatin, polyacrylamide,
Triton X-100 and Coomassie blue R250 were obtained from
Sigma Chemical (St. Louis, Mo.). P-p53, p53, p21,p27, cdkl,
cyclinA, cyclin B1, Bax, Bid, GSK-3 and cyclin D1 were
from Santa Cruz Biotechnology (Santa Cruz, Calif.) and
PARP, caspase-3, p-AKT, AKT and p-GSK-30 were from
Cell signaling Technology (Danvers, Mass.). Chemilumines-
cence reagents was obtained from Amersham (Arlington
Heights, I11.). Matrigel basement membrane matrix was
obtained from BD Biosciences (San Jose, Calif.). TUNEL
assay kit was obtained from Chemicon. F4/80 (pan-macroph-
age marker) was obtained from e-Bioscience company. Other
chemicals were of reagent grade.
Isolation of DET

Deoxyelephantopin was isolated from a medicinal plant
Elephantopus scaber L. (Asteraceae) followed the method
we published previously (Huang et al. (2010) “Deoxyele-
phantopin, a novel multifunctional agent, suppresses mam-
mary tumor growth and lung metastasis and doubles survival
time in mice” Br J Pharmacol 159:856-71, which is incorpo-
rated herein by reference in its entirety). The structure of DET
was elucidated by electrospray ionization mass spectrometry
(Thermo Finnigan LCQ, San Jose. Calif.), 'H and *C NMR
spectrometry (Broker ADVANCE 500 AV) and confirmed by
comparison of the spectral data with previously published
results (ibid; But et al (1997) “Sesquiterpene lactones from
Elephantopus scaber’” Phytochemistry 44:113-6). The purity
of DET was >97% as evident by HPLC/mass analysis.
Cell Culture and Cell Viability Assay

Human melanocytes and murine B16 melanoma cells
obtained from the American Type Culture Collection
(ATCC®, MD) were grown overnight in a 10-mm petri-dish
at 37° C. in MEM and RPMI medium 1640, respectively,
supplemented with 10% heat-inactivated FBS, 100 units/mlL.
penicillin, and 100 pg/mL streptomycin, in a humidified 5%
CO, incubator. Cell viability was measured by MTT-based
colorimetric assay. The formula to calculate viable cell (%) is
as follows:

Cell viability (%)=(sample ODssy/control ODs54)x
100%

Synergism of DET and Cisplatin

Synergistic effects of DET and CP (Cis-Diammineplati-
num (II) dichloride, cisplatin, Sigma) were determined with
fixed concentrations of DET ranging from 0.5 to 3 pM and
cisplatin from 5 to 50 uM. Briefly, cells (5x10° cells/well)
were seeded in 96-well plates and treated with DET and
cisplatin alone or in combination for 24 h. Cell proliferation
was measured by MTT assay. Chou-Talalay method and
isobologram analysis were used to determine the effects of
compound drug combinations on B16 cells. The interaction
of'two compounds was determined by the combination index
(CD), and the CI plot was generated using CompuSyn soft-
ware. The combined effects of the two compounds can be
categorized as follows: CI=1 indicates additive and a interac-
tion; CI<1 indicates synergism, and CI>1 indicates antago-
nism.
Drug Treatment

For in vitro study in the present report, B16 cells were
treated with vehicle (0.1% DMSO), 45 uM CP, 5 uM DET, or
3 uM DET plus 40 uM cisplatin combination treatment at
indicated times.
Time-Lapse Cell Motility Assay

Cell motility was assessed by time-lapse videomicroscopy.
B16 cells were seeded in 6 cm dish for 3 h and maintained at
constant temperature (37° C.) and 5% CO, chamber through-
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out the experimental period. Cells were observed under an
inverted microscope (Zeiss Axiovert 200M), and phase-con-
trast snap photographs (one frame every 30 min) were digi-
tally recorded for 24 h. Cell paths were generated from cen-
troid positions, and cell velocities of migration were analyzed
using the tracking object of the Metamorph software (Mo-
lecular Device).
Migration and Invasion Assay

B16 cells (1x10° cells) were cultured in culture-inserts of
boyden chamber (ibidi, Germany) for 12 h. The culture-in-
serts were removed and added DET or cisplatin alone or in
combination for 24 h. B16 cells were added into a 24-tran-
swell permeable plate (8.0 um polycarbonate membrane, 6.5
mm insert; Corning Incorporated, Corning, N.Y.) coated with
Matrigel basement membrane matrix. The bottom wells
received 50 pul. medium having the same concentration of
serum as the top well, either 1% or 10% FBS. Cells were
removed from the upper and lower sides of the filter after 24
h. The ratio of the counts obtained from the bottom versus
total counts from both sides was used to determine migration
and invasiveness. The invading cells remaining in the well
were counted in six randomly chosen low-power fields at
100x original magnification by inverted fluorescence micros-
copy.
Cell Cycle Analysis

Cell cycle analysis was carried out as previously described
(Shyur et al. (2004) “Induction of apoptosis in MCF-7 human
breast cancer cells by phytochemicals from Anoectochilus
formosanus” J Biomed Sci; 11:928-39 (19)). B16 cells
(5x10°) were synchronized by incubation in medium contain-
ing 1% FBS for 12 h and the culture was then incubated with
fresh medium/10% FBS containing vehicle, cisplatin, DET,
or DET+CP for 24 h. Both adherent and floating cells were
collected, washed with PBS and fixed with 1 mL of ice-cold
70% ethanol overnight at 4° C. Cells were stained with 0.2
mg/ml RNase A and 0.02 mg/ml. propidium iodide in dark-
ness for 30 min at room temperature and analyzed on flow
cytometry (Flow cytometer BD LSR II).
Western Blotting

Total cellular proteins were prepared from test cells
according to Chiang et al (2005) (“Ethyl cafteate suppresses
NF-xB activation and its downstream inflammatory media-
tors, iNOS, COX-2, and PGE2 in vitro or in mouse skin” Br
J Pharmacol 146:352-63). Protein concentration was deter-
mined by Bradford method (Bio-Rad Laboratories, Hercules,
Calif.). Thirty pg protein sample in each lane was resolved by
5-20% gradient mini-SDS-PAGE and subjected to western
blotting against selected antibodies at 4° C. overnight, and
proteins for specific reacted bands were resolved by use of
enhanced chemiluminescence reagents.
MMP-2 and MMP-9 Activity Assay

Analysis of gelatin zymography of MMP-2 and MMP-9
activities was performed according to the method previously
described (Snoek-van Beurden et al. (2005) “Zymographic
techniques for the analysis of matrix metalloproteinases and
their inhibitors. Biotechniques™ 38:73-83.). After the treat-
ments, the conditioned media were collected, concentrated
and subjected to SDS-PAGE with polyacrylamide gels copo-
lymerized with 0.1% gelatin. Gels were rinsed in washing
buffer and incubated overnight at 37° C. in zymogram devel-
opment buffer. Gels were fixed and stained with filtrated 0.1%
Coomassie blue R250. Gelatinolytic activity is visualized as
a clear band against a dark background of stained gelatin.
MMP-2 and MMP-9 activities were detected by a clear band
appearing at 72 and at 92 kDa, respectively.
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Transfection and Stable Cell Line Generation

Stable B16 melanoma cell clone carrying COX-2 promoter
driven-luciferase (pGL-COX-2/Luc) reporter gene plasmid
was established. A gene plasmid was constructed in the
pGL4.20-Basic vector containing a luciferase reporter gene
driven by the full length 5' flanking promoter region (-1334/-
1) of the human COX-2 promoter (Hou et al. (2007) “A
galactolipid possesses novel cancer chemopreventive effects
by suppressing inflammatory mediators and mouse B16
melanoma. Cancer Res” 67:6907-15) (FIG. 7), which was
transfected into B16 melanoma cells using Lipofectamine
PLUS (Invitrogen). A stable B16 cell clone (designated B16-
COX-2/Luc) carrying the reporter gene and displaying the
highest level of luciferase expression and activity among the
selected transfected clones was isolated by several passages
of antibiotic puromycin (0.5 pg/ml.) selection. The B16-
COX-2/Luc stable cell line was used in the mouse lung
metastasis experiments.
Inhibition of Lung Metastasis of B16 Cells in Syngeneic
Mice

Female C57BL/6] mice (National Laboratory Animal
Center, Tainan, Taiwan) were given a standard laboratory diet
and distilled water ad libitum and kept on a 12-h light/dark
cycle at 22+2° C. In total, 63 mice were randomly divided and
assigned into 7 groups. A scheme of the experimental design
is shown in FIG. 7. Female C57BL/6J mice received an intra-
venous (i.v.) injection with 1x10° B16 cells in 200 uL. PBS
through the tail vein at Day 0. On Day 1, mice were divided
into tumor group, CP2 group, DET10 group, DET10+CP1
group, and CP2—DET10 group. The mice were treated intra-
peritoneally (i.p.) every two days with 2 mg/kg body weight
(BW) cisplatin (CP2), 10 mg/kg BW DET (DET10), DET10
mixed with 1 mg/kg BW cisplatin (DET10+CP1), and with
CP2 five times and DET10 five times, then CP2 and DET10
taking turns every two days till the end of the experiments
(CP2—DET10 group), respectively. The Pre-DET10 group
mice were treated i.p with DET (10 mg/kg BW) every two
days two weeks before (Day 14) tumor cells inoculation on
Day 0, and continuously treated with DET10 till the end of the
experiment. The tumor control mice were treated with vehicle
DMSO. The mice in the sham control group were injected i.p.
with 20 ul. DMSO on Day 1 every 2 days throughout the
experimental period. Tumor volumes were measured every 3
days and the body weight recorded once a week. On Day 21
post-tumor injection, three mice from each group were eutha-
nized and blood collected for complete blood count (CBC)
analysis. Paraffin-embedded lung tissues with tumor colo-
nized were sectioned for hemotoxylin and eosin (H&E) stain-
ing, and tumor colonies in left lungs of test mice was counted.
The survival rates of the rest of mice in all test groups were
recorded over 52 day period and analyzed by a long rank test.
In Vivo Bioluminescence Imaging

Prior to the in vivo imaging, mice were anesthetized with
isoflurane (USP, South Carolina) in an acrylic chamber with
2.5% isoflurane/air mixture and injected i.p. with substrate
D-luciferin solution (150 mg/kg BW) in PBS. After 10 min-
utes of incubation with luciferin, each mouse was placed in a
right lateral decubitus position and a digital grayscale animal
image was acquired using an IVIS spectrum (Xenogen
Corp.). The acquisition and overlay of a pseudocolor image
was taken, which represents the spatial distribution of
detected photons emerging from active luciferase within the
animals. Signal intensity was quantified using an IVIS Spec-
trum system (Xenogen Corp.) as the sum of all detected
photons per second on Day 0, 7, 14, 18, 21, 23, 26 and 30 of
treatment.
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Histological Examination and Immunohistochemistry Stain-
ing of Kidney Tissues

Paraffin-embedded kidney tissues were prepared from
three mice in each group on Day 21. The paraffin-embedded
kidney was sectioned (4 um) and underwent H&E staining. In
situ apoptotic cells in kidney tissues were determined by
TUNEL assay (Chemicon) and the mean proportions of posi-
tive TUNEL cells were measured using AxioVision software
(Carl Zeiss Microlmaging, Inc.). Immunostaining of mac-
rophage infiltration in the kidney tissues was performed using
F4/80 antibody and visualized with goat anti-mouse Cy3-
labeled secondary antibodies (Jackson ImmunoResearch),
counterstained with DAPI (1 pg/mL).

Ultra Performance Liquid Chromatography/Electronspray
Ionization Q-TOF Mass Spectrometry (UPLC/ESI-Q-TOF
MS) and Metabolite Data Processing

Primary metabolome in the kidney tissues of test mice with
various treatments were analyzed using UPLC-QTOF MS.
Kidney samples (150 mg) were homogenized with 600 pl.
methanol and 127.5 pl. distilled water. The homogenates
were vigorously mixed with 1.2 m[. chloroform:H2O solu-
tion (1:1, v/v) and then put at -20° C. for 20 min. After
centrifugation at 13000xg for 10 min at 4° C., the supernatant
(water layer) was collected, dried in a vacuum, and then
reconstituted in 100 ulL of 50% methanol for analysis.

LC-MS was performed with a LC system (ACQUITY
UPLC, Waters, Millford, Mass.) coupled to a hybrid Q-TOF
mass spectrometer (Synapt HDMS, Waters, Manchester,
U.K.). The sample was separated online with a reverse-phase
column (HSS T3 C18, 1.8 um, 2.1 mm/150 mm, Waters,
Milford, Mass.) which was kept in a column oven at 40° C.
The mobile phases for positive ion mode consisted of 0.1%
formic acid in 2% ACN (buffer A) and 0.1% formic acid in
100% ACN (buffer B). The mobile phases for negative ion
mode consisted of pure H20 (buffer A) and pure 100% AcCN
(buffer B). The injection volume was 8 ul. and the mobile
phase flow rate was 500 pul./min using a 4 min gradient form
5-95% ACN/water.

The mass spectrometer equipped with lock electrospray
ionization probe was operated in both positive and negative
(ESI) modes. The electrospray voltage was set at 3 kV for
positive ion mode and -2.5 kV for negative ion mode, and the
cone voltage was 40V. The cone and desolvation gas flow
were 50 and 700 L/h, respectively. A lock mass calibration of
sulfadimethoxin (0.5 mg/L) in water/MeOH (50:50, v/v) was
introduce by the HPLC pump (LC-10ATVP, Shimadzu,
Japan) and split the 5 pl./min to the lockspray probe. The
acquisition method was set to one full MS scan (50-990 m/z)
with 0.2 sec scan time in centroid data mode.

The UPLC-MS data were analyzed using MarkerLynx XS
version 4.1 SCN639 (Waters. Millford, Mass.). In this appli-
cation, the peaks in the 0.5-4 min LC-MS data were detected
and the noise reduced in both LC and MS domains. The
extracted peak information was also processed to remove the
peak-to-peak noise, deisotope and filter the MS peak with the
intensity lower than 50 counts. A list of the intensities of the
processed peaks for each of the LC-MS data was generated
using retention time (RT) and m/z data pairs as the identifier
of'each peak. The processed data for each sample were com-
bined and aligned for each of the RT-m/z pair to generate the
final data table. The ion intensities for each peak were then
normalized within each sample and the 3-dimensional data,
peak identifier (RT-m/z pair), sample name, and ion intensity
were analyzed by principle component analysis (PCA). Par-
tial least-squares-discriminant analysis (PLS-DA), a super-
vised chemometric procedure, was used to define the maxi-
mum classification and separation of independent samples.
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Statistical Analysis

All data were expressed as means+SD. For the survival
data, the log-rank test was used to determine differences
among tumor control, drug and compound treated groups. For
other experiments, differences between treatments were
determined by ANOVA. A P<0.05 is considered statistically
significant.
Results
DET Sensitizes B16 Melanoma Cells to Cisplatin

FIG. 1A shows structures of DET, DET analogs and ciplan-
tin. DET and cisplatin (CP) exhibited dose-dependent inhibi-
tion on B16 cell proliferation, with IC,, values at 4.5 uM and
45 uM, respectively, as determined using MTT assay (FIGS.
1B1-B2). Both DET and CP showed little or no toxicity on
normal human melanocytes (FIGS. 1B1-B2). We further
determined whether DET shows synergism with CP against
B16 melanoma cell proliferation using isobolography
method and a combination index (CI) method of Chou-Tala-
lay. The isobol-curve and CI plot (FIGS. 1C1-C2) show typi-
cal synergistic effect of compound and drug interaction with
CI<1 when measured the 50% inhibition of B16 cell prolif-
eration with a serial of combination treatment by DET and
CP.
Kinetic Characteristics of B16 Cell Motility or Migration
with DET, Cisplatin or Combinational Treatment

It was found that the B16 cells in the vehicle control group
were normally proliferative and doubling after a-24 h cultur-
ing time, but that was not seen in the DET, CP or DET+CP
treated cells, as monitored by time-lapse videomicroscopy
(FIG. 8). FIG. 3 shows on trans-well assays that DET, CP or
DET+CP inhibited B16 melanoma cell migration (FIG. 3A1)
and invasion (FI1G. 3A2) partly through inhibition of MMP-9
protein expression (FIG. 3B1) and the enzymatic activity of
MMP-9 and MMP-2 (FIG. 3B2). The effects of DET, CP, or
DET+CP on cell motility of B16 cells was assessed by time-
lapse videomicroscopy by monitoring the individual trajec-
tories of B16 cells (FIG. 3C1), quantified by cells migration
velocity (um/min) and migration distance (um) (FIGS.
3C2&C3). FIG. 3C2 shows that the migration velocity in
vehicle control, CP, DET, DET+CP and CP—DET were
determined at 0.35+0.09; 0.26+0.14; 0.16x0.06; 0.1+0.04;
and 0.2+0.09 um/min respectively, and the migration distance
were vehicle control: 488.2+147.1; CP: 376.6x100;, DET:
224.1x85.9; DET+CP: 149.7+64.4; CP—DET: 287.5+131.8
um. These data demonstrated that 3 uM DET and 3 uM DET
plus 40 uM CP exhibited a more potent inhibitory activity
than that of the B16 cells treated with 40 uM CP.
DET Regulates Key Biomarkers in the G,/M Cycle Transi-
tion and in Apoptosis of B16 Cell

In FACScan analysis, this suppression of proliferation was
due to DET and cisplatin-induced cell-cycle arrest at G,/M
phase in B16 melanoma cells (data not show). Increased
expression of p21 741! ig indicative of p53 activation in
response to DNA damage. Moreover, the western blot data
also showed that cisplatin treatment increase p217#41/<%!
expression in B16 melamona cells (FIG. 2A). On the other
hand, it was also found that cisplatin treatment increase
p277%! expression. DET treatment decreased cdk1 and cyclin
A protein expression (FIG. 2A). DET and cisplatin inhibit
activities of p-AKT, p-mTOR, p-GSK-3f in B16 melamona
cells (FIG. 2B). Cisplatin and combination treatment
increased cleaved caspase-3 protein expression and cleaved
PARP (FIG. 2C). DET, cisplatin and DET combination with
cisplatin treatments increased the sub-G, (apoptotic) cell
fraction to 8.5%, 9% and 24% in B16 melanoma cell, respec-
tively (data not shown).
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DET Potentiates the Antitumor Activity of Cisplatin Against
Lung Metastasis of B16 Melanoma in Mice

The preventive and therapeutic effects of DET or the effect
of DET combined with CP or CP and DET sequential treat-
ment on the lung metastasis of B16 melanoma cells in
C57BL/6] mice were investigated with CP drug treatment
only as a reference control using a non-invasive biolumines-
cence monitoring system established in this study. The biolu-
minescence intensity results on Day 21 showed that CP2,
DET10+CP1,CP2—DET10, Pre-DET10 and DET10 groups
could significant inhibit lung metastasis of B16 cells in
C57BL/6] mice, with the mean value of remained biolumi-
nescence intensity of 5%, 11%, 11%, 15% and 49%, respec-
tively, relative to the tumor control group (100%) (P<0.01)
(FIG. 4A2). Further, the histopathological examination
results showed a typical tissue architecture of lung alveoli in
sham control mice, whereas the tumor control group were
with significantly grown tumor foci and masses on Day 21,
indicating a severe lung metastasis. A much less alveolar
defects in lung tissues and relative weight of lung to body
weight (%) than tumor group were observed in all treatment
groups (FIG. 4B2).

On Day 30, the quantitatively measured bioluminescence
photon with respective to tumor growth were found time-
dependent in tumor control mice, and the detected mean
bioluminescence intensities in the treatment groups were: 2%
in CP2, 13% in CP2—DET10, 23% in pre-DET10, 30% in
DET10+CP1, and 45% in DET10, compared to tumor group
(100%) (FIGS. 4C1 & C2).

DET and Cisplatin Prolong Survival Rate of C57BL/6] Mice

The overall survival time in test mice were measured. It
was found that Pre-DET10 and CP2 have similar and most
profound effect on extending median survival rate in mice
with P<0.05: tumor control: 33 days, Pre-DET10: 43 days,
CP2: 43 days, and CP2—=DET10: 38 days, DET10: 39 days,
DET10+CP1: 36 days (FIG. 4D1). However, CP2 and
DET10+CP1 treatment also significantly decreased the body
weight of test mice (P<0.05) that was not observed in other
treatment groups (FIG. 4D2).

Cisplatin Significantly Induces Kidney Damage and Mac-
rophage Infiltration in Mice

FIG. 5A shows that H&E staining of kidney tissues of
C57BL/6] mice in sham, tumor control, CP2, Pre-DET10,
DET10, DET10+CP1 and CP2—DET10 treatment groups.
Theresults indicate severe glomerular congestion and tubular
epithelial atrophy CP2-treated mice. TUNEL assay further
demonstrated that TUNEL-positive cells, indicatory apop-
totic cells, were observed mostly in the renal tissues of CP2-
treated mice, a much less amount in DET10+CP1, very few in
sequential treatment (CP2—DET10), and not detectable in
Pre-DET10 or DET10 treatment group (FIG. 5B, 5C1).

The plasma BUN content, an indication of kidney function,
was determined in test animals using QuantiChrom™ Urea
Kit (BioAssay Systems). The data in FIG. 5C2 shows that at
the first week of tumor establishment, the BUN levels were
very similar in all of the control and treatment groups, how-
ever, CP2 administration significantly induced BUN levels at
weeks 2 and 3, indicating a moderate-to-severe degree of
renal failure. The sham control, CP2, and DET+CP1 groups
had the BUN values of 25.4+4.1 mg/dL,, 61.1+4.3 mg/dL,,
46.3£4.0 mg/dL on Day 14; and 25.1x4.1 mg/dL, 67.3+0.1
mg/dl, 54.3+7.4 mg/dL on Day 21, respectively. Notably,
Pre-DET10 and DET10 groups have little or no detectable
changes on the BUN level compared to the sham control
group, suggesting no side effect observed in the animals
treated with DET.
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Macrophage/monocyte infiltration was examined by F4/80
immunostaining in renal tissues of C57BL/6J mice. Surpris-
ingly, the macrophage/monocyte infiltration in the renal tis-
sues were found much significant in the CP2-treated mice
than that of the control tumor-bearing group, while Pre-
DET10, DET10, DET10+CP1 and CP2—DET10 treatment
groups have little or no detectable inflammatory cell infiltra-
tion (FIGS. 5D1, 5D2).

Cisplatin, but not DET, Causes Haematological Toxicity in
C57BL/6] Mice

Complete blood samples of test mice in each group on Day
21 were subjected to the analysis of white blood cell (WBC),
neutrophil (N), monocyte (M), basophil (B) red blood cell
(RBC), platelet (PLT), hemoglobin (Hb), and hematocrit (Ht)
and other cell counts with a hemacytometer (FIG. 10). It was
found that the average WBC, M, B, RBC, Hb, Ht, and PLT
cell counts in CP2-treated mice were of 24-28%, 33-39%,
41-48%, 65-59%, 67-69%, 65-68%, 52-63%, and 41-52%
that of the sham control or tumor-bearing mice without any
treatment, whereas, neutrophil populations in the CP2 group
were 2.55 and 3.5 times higher than the tumor group and the
sham control, respectively. Increase levels of N counts are
also observed in DET10+CP1, CP2—DET10, and DET10
groups, but not in the Pre-DET10 group. In addition, the
average WBC (4.320.7 10°/L), RBC (7.120.9 10*%/L), Hb
(11.3£1.6 g/dl) and Ht (39.5+£5.8%) and PLT (343=116 10°/
L) counts in the DET10+CP1 treated mice were also lower
than those of the sham control. In summary, DET10 treatment
alone, especially Pre-DET10, did not cause deleterious effect
on the peripheral blood cells profile in C57BL/6J mice. CP2
conferred severe haematological toxicity in mice, and co-
treatment or sequential treatment of DET and CP can com-
promise and reduce part of toxicity caused by CP in the test
mice. The data shown in FIG. 10 also shows that only CP2
caused significant spleen damages compared to other groups,
as presented by spleen index (weight of spleen (mg)/body
weight (g) of test mouse) (P<0.05).

Primary Metabolome Analysis of Mouse Renal Tissues Using
UPLC/ESI-Q-TOF MS

To address the nephrotoxicity issue of cisplatin treatment
and the metabolic alternations that might occur, primary
metabolome of renal tissues in the test mice were analyzed by
metabolomic approach using UPLC/ESI-Q-TOF MS
coupled with principal component analysis (PCA), partial
least-squares discriminant analysis (PLS-DA) score plot,
loading plot and ingenuity pathway analysis (IPA), and the
workflow was schematized in FIG. 9. Three mice kidney
tissues in controls (sham or tumor), CP2, Pre-DET10,
DET10, DET10+CP1, and CP2—=DET10 groups were con-
ducted in UPLC-QTOF MS experimentations. FIG. 6A
shows representative UPLC/QTOF total ion chromatograms
(TIC) of kidney tissues from controls or treatments, and dif-
ferences among these TIC profiles were evident. The detected
compound peaks in different groups were subjected to further
analysis.

The PLA-DA score plot and loading plot of kidney
metabolites in various groups of test mice, with 80 and 193
metabolites/compounds detected in positive ion mode and
negative ion mode, respectively were analyzed. FIG. 6B
shows the results of the score plot and loading plot of the
analysis. Distinct clusters of CP group to tumor control and
other sham or treatment groups can be seen from the score
plot, suggesting the differences of the metabolite profile of
the CP group to the others. In FIG. 6C, the loading plot show
some distinct metabolites with unknown.

The specific metabolites/compounds in the spectra were
verified on the basis of retention time and mass spectra (nm/z
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values) of compounds standards. FIG. 11 summarizes the
changes in the contents of 26 identified metabolites in kidney
tissues with various treatments. Among them, in comparison
with the sham control, the CP-2 treatment caused a decrease
(1.7- to 2.4-fold) in alanine, aspartate, phenylalanine, and
tryptophan, and an increase in (1.6- to 12.5-fold) pyruvate,
citrulline, creatine, uric acid, hippuric acid, and 5S-HIAA. The
sham control and tumor groups were only different in the
content of dodecanoic acid (1.6-fold increase in tumor
group), while the pre-DET and DET only caused an increase
in pyruvate (1.6-fold), carnitine (2.3-fold) and taurine (2.1-
fold), respectively. CP alone or both combinational treat-
ments of DET and CP (DET+CP and CP—DET) groups
caused 8.6-fold, 6-fold and 4.8-fold increase, respectively, in
5-HIAA, suggesting DET attenuated the amount of this
metabolite induced by CP in the combination treatment.
Other significant changes, either increase or decrease, in the
metabolites detected in the CP group were not seen in both
DET+CP and CP—DET groups of mice. We therefore pro-
posed for primary metabolome networks and related meta-
bolic pathways in mice kidney tissues which were responsive
to cisplatin or DET treatment in FIG. 6D.

Discussion

The DET illustrated in the above studies is a major ger-
macranolide SL isolated from E. scaber. Compared with
parthenolide, DET contains an extra o, [-unsaturated ketone
and a-methylene-y-lactone without an epoxy group in its
structure. DET was first isolated from a different Elephanto-
pus species in 1970s. It was demonstrated by the inventor that
DET exhibited novel activities against the mammary adeno-
carcinoma TS/A in cell culture-based experiments and in
syngeneic mice.

Interactions between phytoagents, like DET, and chemo-
therapy drugs, like cisplatin, were assessed by CI analysis.
Variable degrees of synergistic cytotoxicity between DET
and cisplatin were observed in B16 melanoma cells. Isobo-
logram and CI analyses are the two most popular methods for
evaluating drug interactions in combination cancer chemo-
therapy. Synergistic interactions are of vital importance in
phytoagent, which explain the efficacy of apparently low dose
of'active compounds in herbal medicine. The incorporation of
isobologram and CI analyses provides additional qualitative
and quantitative information on drug interaction at different
combination ratios or concentrations and different effect lev-
els.

Cisplatin causes its cytotoxicity by forming DNA-protein
cross links, DNA mono adducts and intrastrand DNA cross
links, which all trigger apoptosis. The roles of cyclin-depen-
dent kinase (cdk) and cdk inhibitors, especially p21##1/<%#1
in cisplatin nephrotoxicity have been demonstrated. The cdk
inhibitor, p21, is induced via p53 after DNA damage and
plays a key role in stopping the cell cycle at G,/S phase. p21
is a member of the cdk inhibitor protein family that also
contains p27¥7! (25-27). DET or DET in combination with
cisplatin treatment of B16 melanoma cells resulted in inhibi-
tion of cyclin A, cyclin B1, and cyclin D1 expression and an
increase of the cdk inhibitors p21 and p27. These results can
be correlated to the DET and cisplatin induced cycle arrests at
G,/M phase (data not shown).

Akt plays a central role in regulating tumor cell survival
and cell cycle progression. Akt and mTOR are phosphory-
lated (activated) in most cancer types. Akt/mTOR is essential
for proliferation and survival of malignancies. mTOR, a
serine/threonine kinase, integrates various inputs from
upstream pathways and plays a central role in regulating cell
growth and proliferation. In various cell types, AKT phos-
phorylates and inhibits glycogen synthase kinase-3f (GSK-
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3p). GSK-3p was phosphorylated at Ser-9. Rossig et al
reported that stimulation of AKT increases p21 via inhibitory
phosphorylation of GSK-3. GSK-3f phosphorylates cyclin
D1 specifically on Thr286, thereby triggering rapid prolifera-
tion regulatory protein (cyclin D1) turnover. GSK-3, as a
downstream target of AKT, is an important activator of apo-
ptosis, which has been reported to trigger Bax translocation
and caspase-3 activation. GSK-3f is constitutively active in
unstimulated cells and phosphorylates many proteins such as
cyclin D1 to keep it in inactive states or promote it degrada-
tion. Induction of p53 leads to increased expression of a large
group of p53 regulated proteins, such as cell cycle (p21) and
cell death (Bax). It was found that cisplatin treatment induced
p53-induced increases in p21 and Bax. In contrast, this was
not found in the DET-treated group.

MMPs have been regarded as major molecules that assist
tumor cells by cleaving several extracellular matrix (ECM)
components during metastasis. On the other hand, cell motil-
ity is a complex process requiring coordinated reorganization
of actin and microtubule cytoskeletons in physiological and
pathological conditions including tumor cell metastasis. It
was found that DET and DET combination with cisplatin
treatment decrease B16 cell motility and MMP-9 activity.

In order to find the best therapeutic effect on B16 mela-
noma, the in vivo anti-cancer effect of DET combined with
the chemotherapy drug, cisplatin, was examined. A compara-
tive study of the efficacy of DET and cisplatin in C57BL/6]
mice showed that Pre-DET10 and CP2 had similar profound
effects on inhibiting lung metastasis of B16 melanoma and
both increased the median survival rate in tested mice. On the
other hand, DET and cisplatin significantly delayed C57BL/
6J mice tumor growth, lung metastasis and improved survival
rate in vivo. DET alone did not significantly decrease the
body weight of mice bearing implanted B16 tumor cells. In
contrast, cisplatin treatment group significantly decreased the
body weight. It was also demonstrated that DET10+CP1
combination treatment group could recover cisplatin-induced
body weight lose.

Histological examination revealed marked tubular damage
in the outer medulla in the cisplatin treatment group. It was
also found that TUNEL-positive cells located among tubular
in the outer stripe of the outer medulla. Cisplantin induced
severe macrophages infiltration in kidney tissue in treated
mice. DET alone did not significantly decrease WBC, RBC,
Hb, Ht, SI of mice bearing implanted B16 tumor cells com-
pared to the cisplatin group, suggesting that DET may not
damage the function of the host immune system. The discov-
ery showed that cisplatin alone decreased body weight and
the weight of immune organs (spleen) of mice. DET did not
decrease the weight of immune organs. When SI decreased,
the weight of immune organs decreased, and the function of
the host immune system was damaged.

In cisplatin injected animals, there was cellular damage in
the kidney samples. The rise in the BUN concentration in the
serum is used as an important indicator of cisplatin-induced
nephrotoxicity. It was discovered that the BUN level
increased significantly after cisplatin administration. The his-
tological results also showed that severe degeneration of cor-
tical tubular cells was observed after the cisplatin treatment.
This result agreed with the previous studies that have dem-
onstrated the involvement of BUN level in cisplatin-induced
nephrotoxicity. Cisplatin treatment is known to potentially
cause some renal dysfunctions in cancer patients, such as
severe degeneration in glomeruli and both proximal and distal
tubuli. It has been reported that coenzyme Q10 treatment
ameliorated cisplatin-induced nephrotoxicity in mice.
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Multiple lines of evidence suggest that the inflammatory
mechanism play an important role in mediating the pathogen-
esis of cisplatin-induced nephrotoxicity through recruitment
of inflammatory cells such as macrophages and leukocytes,
which contribute to the cisplatin-induced damage. It has been
shown in in vitro studies that cisplatin administration
increased macrophage-mediated cytotoxicity against neo-
plastic cells. Inflammatory cell infiltration into damaged kid-
ney tissue may be an important process in cisplatin-induced
renal injury. Infiltrating inflammatory cells may be reservoirs
of'inflammatory cytokines, chemokines and also release these
molecules into damaged kidney tissues. It has been shown in
our study that macrophage renal infiltration occurred 72
hours after cisplatin treatment. Renal injury by cisplatin has
been associated with oxidative stress, inflammation and apo-
ptosis. Specifically, apoptosis is an important model of cell
death in cisplatin nephrotoxicity. It was discovered by the
inventor that the number of F4/80-positive cells increased
markedly by cisplatin treatment. In contrast, treatment with
DET (10 mg/kg for 21 days) caused a significant reduction in
the extent of tissue lesions and macrophage infiltration
caused by cisplatin nephrotoxicity.

Chemotherapy drugs are typically chemical substances not
commonly present in foods and most of them have some kind
of'side effect or toxicity in the organism. Kidney and liver are
the primary targeted sites of drug toxicity. Nephrotoxicity
induced by cisplatin was investigated by using kidney meta-
bolic profiling with chemometric analysis. The changes in the
metabolic patterns induced by cisplatin were associated with
renal disorder and could be identified by a metabonomic
method based on UPLC-QTOF mass analysis. Hippuric acid
is an acyl glycine formed by the conjugation of benzoic acid
with glycine, the amount of hippuric acid is a useful index of
liver and kidney function. Hippuric acid is primarily elimi-
nated from the plasma via the kidney by active tubular secre-
tion. Hippuric acid is a harmful uremic toxin that accumulates
during renal failure. It has been reported that cyclosporine
and sirolimus treatment could induce changes in urine
metabolite patterns such as hippurate concentration. It has
been reported that the urinary excretion of S-HIA A, the main
metabolite of serotonin, was significantly increased in
patients two to six hours after they receive cisplatin chemo-
therapy. It is also observed in this study that 5-HIAA was
obviously increased in cisplatin-treated mice (FIG. 11), how-
ever, the reason is not completely clear. Of noted, DET attenu-
ated the amount of 5-HIAA induced by CP in the combination
treatment. The metabolic changes suggested the involvement
of some specific pathways. The experimental results indi-
cated that metabolomics is a promising new tool for identi-
fying and characterizing biochemical responses to renal tox-
icity.

Cisplatinis an antineoplastic agent, used in the treatment of
a variety of solid tumors that induces severe tubular toxicity.
Three distinct segments, S1, S2 and S3 have been described
for the proximal tubule of the rat. The S1 and S2 segments
make up the pars convolute and are situated in the renal
cortex. The S3 segment (pars recta) is located in the outer
stripe of the medulla and in the medullary rays. Several other
reports have been published on the metabolomic analysis of
individual nephrotoxins, such as cisplatin. Cisplatin concen-
tration in proximal tubular cells is about five times the circu-
lating blood level and this disproportionate accumulation of
cisplatin in kidney tissue contributes to nephrotoxicity. It has
been suggested that the distal tubules were the primary site of
apoptosis. Recent studies, however, indicated that proximal
tubular cells also undergo apoptosis during cisplatin nephro-
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toxicity. The side effects of cisplatin, particularly nephrotox-
icity, remain a major factor that limits the use and efficacy of
cisplatin in cancer therapy.

The findings reported here validated the use of kidney
metabolomics screening as a usable strategy to characterize
the biochemical perturbation induced by cisplatin toxicity,
revealing kidney biomarkers for the toxic eftect in kidney and
the potential metabolic pathways targeted by the drug. Using
this tool, was confirmed the cisplatin toxicity in the kidney.
Three biomarkers, hippuric acid, 5-hydroxyindoleacetic acid
(5-HIAA) and uric acid were identified and validated to be
involved in cisplatin induced nephrotoxicity. In summary, the
analysis by UPLC-QTOF mass spectroscopy demonstrates
that exposure to cisplatin resulted in a marked change in the
kidney metabolic profile that precedes changes in the known
biomarkers of nephrotoxicity, such as BUN.

The platinum coordination complex cisplatin, has played a
major role in the chemotherapeutic treatment of a variety of
neoplasms over the past 25 years. However, the drug pos-
sesses significant limitations in being markedly toxic to many
normal tissues, especially nephrotoxicities, neurotoxicities
and gastrointestinal tract toxicities. The invention relates to
the discovery that bioactive compounds from E. scaber
exhibit potent activity against skin melanoma, with compa-
rable activity to that of cisplatin. Most notable, DET treat-
ment did not cause any detectable side effects as those seen in
cisplatin treatment. Instead, when cotreatment of DET with
cisplatin, some detected side effects, such as weight loss,
shrinkage of the spleen, decreased BUN contents, TUNEL-
positive cells and macrophages infiltration in kidney tissue
and changed CBC profiles in animals were significantly
decreased without affecting the potency on suppression of
lung metastasis. These novel pharmacological activities of
DET suggest that this phytocompound and its analogs has
great potential to be further developed into adjuvant or botani-
cal supplement for the cancer patients with chemotherapy,
mainly by decreasing the deteriorated side effect to the
patients.

The foregoing description of the exemplary embodiments
of the invention has been presented only for the purposes of
illustration and description and is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Many modifications and variations are possible in light of the
above teaching.

The embodiments and examples were chosen and
described in order to explain the principles of the invention
and their practical application so as to enable others skilled in
the art to utilize the invention and various embodiments and
with various modifications as are suited to the particular use
contemplated. Alternative embodiments will become appar-
ent to those skilled in the art to which the present invention
pertains without departing from its spirit and scope. Accord-
ingly, the scope of the present invention is defined by the
appended claims rather than the foregoing description and the
exemplary embodiments described therein.
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Some references, which may include patents, patent appli-
cations and various publications, are cited and discussed in
the description of this invention. The citation and/or discus-
sion of such references is provided merely to clarify the
description of the present invention and is not an admission
that any such reference is “prior art” to the invention
described herein. All references cited and discussed in this
specification are incorporated herein by reference in their
entireties and to the same extent as if each reference was
individually incorporated by reference.

What is claimed is:

1. A method of reducing side effects of an anti-cancer agent
in a subject in need thereof, comprising:

administering to the subject, who is under an anti-cancer
agent treatment, a composition comprising:

(a) atherapeutically effective amount of isolated deoxyele-
phantopin, isodeoxyelephantopin, scabertopin, isoscab-
ertopin, or any combination thereof; and

(b) a pharmaceutically acceptable carrier,

wherein the anti-cancer agent is at least one anti-melanoma
agent selected from the group consisting of cisplatin,
betulinic acid, 4-S-cysteaminyl catechol, 4-S-cysteami-
nyl phenol, everolimus, bortezomib, paclitaxel, carbo-
platin, dacarbazine, celecoxib, temozolomide, sor-
afenib, thalidomide, lenalidomide, oxaliplatin,
docetaxel, valproic acid, vinblastine, imatinib mesylate,
bosentan, doxorubicin, apomine, arsenic trioxide, car-
mustine and tamoxifen.

2. The method of claim 1, wherein the composition com-
prises an extract of Elephantopus species, the extract com-
prising the therapeutically effective amount of the isolated
deoxyelephantopin isodeoxyelephantopin, scabertopin, isos-
cabertopin, or any combination thereof.

3. The method of claim 1, wherein the anti-cancer agent
comprises cisplatin.

4. The method of claim 1, wherein the therapeutically
effective amount of isolated deoxyelephantopin isodeoxyele-
phantopin, scabertopin, isoscabertopin, or any combination
thereof and the anti-cancer agent are sequentially or simulta-
neously administered to the subject.

5. The method of claim 4, wherein the isolated deoxyele-
phantopin isodeoxyelephantopin, scabertopin, isoscaber-
topin, or any combination thereof is administered to the sub-
ject before the anti-cancer agent.

6. The method of claim 4, wherein the isolated deoxyele-
phantopin isodeoxyelephantopin, scabertopin, isoscaber-
topin, or any combination thereof is administered to the sub-
ject after the anti-cancer agent.

7. The method of claim 1, wherein the side is at least one
selected from kidney inflammation, kidney cell apoptosis,
kidney tissue damage, spleen damage, haematological toxic-
ity, a loss of body weight, and any combination thereof.
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